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I 57 1 Abstract 

An optical splitter, having a stem and multiple bra:vhe>-. intcc,ra.;> connected to the stem, has a junction between the stent and the 
multiple baches which is flexible. B> control Img the anp> between the stem and the multiple branches while maintaining a fixed angle 
between the multiple branches, i.e., b> tiering tite junction, the fiux enacted from of each the multiple branches is adjustable tv.se J on the 
angle each branch makers with respect to the stem. 
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METHOD AND APPARATUS FOR ADJUSTING FLUX 
EMITTED FROM BRANCHED LIGHT GUIDES 

BACKGROUND OF THE INVENTION 
The present invention relates generally to methods and apparatuses for 
transporting light from a single source to multiple locations, and more particularly 
to a method and apparatus for transporting light from a single source to multiple 
locations, in which the flux emitted from each of several downstream branches is 
cuiili oiiabie. 

Optically transmissive materials may be used as a light guide to propagate 
light. A light guide typically includes at least one surface adapted to receive light 
from a light source and an optically smooth surface for reflecting light 
propagating via total internal reflection along or within the light guide. Common 
examples of light guides include optical fibers, traditionally used in the data 
communication industry, and more recently light fibers, used for illumination 
purposes. For example, U.S. Patent No. 4,422,719 (the 719 patent) discloses one 
such illumination device employing light fibers. In such a device, at least one end 
surface of the light fiber is adapted to receive light from a light source, which 
light propagates axially along or within the fiber. 

One technique for fabricating such an illumination device begins by 
forming a transparent elongated fiber core. The fiber core is designed such that 
light that is injected into the fiber at one end travels to the other end without loss 
of light due to transmission at the surface of the fiber. This well-known 
phenomenon is called total internal reflection. 

Light fibers can also be used as components of an illumination system or a 
"light transport system.'* In these systems, light is normally injected from a single 
source into at least one end of a light fiber and allowed to exit the fiber at a 
predetermined position or positions along the length of the fiber In addition, a 
"coupler" or "splitter" device may accept light from a single source or a source 
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fiber and distribute the light entering one end of the splitter among a number of 
output fibers. 

Techniques for providing such a division of light flux in the field of 
communications optical fibers include specific manufacturing of adjustable 
splitter devices, manufactured to precise specifications, such that the light flux 
may be divided as needed. These splitters maintain a fixed geometry, relying on 
variations in refractive index (induced, for example, by electrical fields or 
changes in temperature) or contact from a separate waveguide to control the 
division of optical power. Moreover, these splitters and their control means are 
not applicable to large diameter light fibers because of their size, cost, and the 
requirement for electrical power supply. 

For applications in which the above techniques may not be appropriate to 
divide optical power between two or more branches, limited geometrical 
solutions have been developed. In the illumination industry, both multi-port light 
sources and multi-fiber harnesses are available. However, they offer neither 
dynamic adjustment capabilities nor consistent color between the receiving 
(downstream) fibers. 

The present invention is therefore directed to the problem of developing 
an efficient method for allowing for the dynamic adjustment of the amount of 
flux emitted from each of several downstream light guide branches, while also 
ensuring that the light is the same color in each guide. In addition, the present 
invention is directed to the problem of developing a splitter system, including an 
optical splitter, which is capable of emitting vary ing amounts of light flux in each 
branch. 

SUMMARY OF THF INVENTION 
The present invention solves these problems by eliminating the need for 
custom manufactured splitters or multiple sources to provide varying amounts of 
flux emitted from each of several branched lightguides. To provide dvnamic flux 
adjustment with color integrity, the present invention uses a flexible optical 
splitter and aduist, the angle oft!-- downstream hashes, with rcoci lo [hc 
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upstream stem. Changing the angle of each downstream branch with respect to 
the upstream stem adjusts the flux emitted from each downstream branch, thereby 
eliminating the need for a custom manufactured splitter. Preferably, the optical 
splitter of the present invention is symmetrical and the angle between the two 
downstream branches is fixed. 

The present invention provides methods and apparatuses for dynamically 
and adjustably controlling the flux in an illumination device. 

According to one aspect of the present invention, a method provides for 
controlling the amount of light emitted from each of several branches of an 
optical splitter, whiriem each of the branches has a cross-sectional area. The 
optical splitter has a stem and at least two branches integrally connected to the 
stem, and a flexible region where the stem and at least two branches join. The 
angle between the stem of the optical splitter with the branches is adjusted such 
that the amount of light emitted from each of the two branches is determined 
based on the adjusted angle. 

In another aspect of the present invention, the method includes the step of 
maintaining a fixed angle between each of the two branches. 

In one particular embodiment of the present invention, the stem and the 
two branches of the optical splitter include light guides. In another embodiment, 
the light guides include light fibers. 

In yet another aspect of the present invention, the color of the light 
emitted from each of the branches of the optical splitter is substantially the same 
as the color of light input at the stem of the optical splitter. 

In an optical splitter in accordance with an embodiment of the present 
invention, the stem and the branches preferably air an integrally formed single 
light guide device. 

In a preterred embodiment of the present invention, the optical splitter 
may comprise one stem and two branches, and may be symmetrical about the 
central axis of the stem. The angle between the two branches of the optical 
splitter (angle A of FIG I T RH 2(c)) is fixed and remains constant. Although an\ 
angle A may be used in accordance with th t * rve^enf mvcrri.--;;. picfci^bu. 
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angle is between 1° and 90°, more preferably between l c and 20\ and most 

preferably, between 1° and 10°. 

In an alternative preferred embodiment of the present invention, the 

optical splitter may comprise one stem and at least two branches and may be 
5 asymmetrical with respect to the central axis of the stem. The angle A between 

the branches remains fixed, having the values described for a symmetrical splitter. 

In addition, the angle between the stem and a major branch (angle B of FIGURE 

2(a)) can be between 90° and 180°, preferably between 150° and 180°, and most 

preferably between 170° and 180°. By the term "major branch" is meant that 
0 branch forming the larger or largest angle between the stem and itself. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG.l depicts a perspective view of a Y splitter, which has an upstream 
stem and two downstream branches, in which the geometry of the splitter may be 
5 dynamically adjusted to divide the light entering the upstream stem between the 
two downstream branches as desired in accordance with the principles of the 
present invention; 

FIGS 2(a) through 2(c) represent, respectively, a splitter illustratively 
shown as flexed so as to divide the light emitted 809; from one branch and 20% 
) from the other, 607 from one branch and 407 from the other, and 507 from one 
branch and 507c from the other, in accordance with the principles of the present 
invention. In each of FIGs 2(a) through 2(c), angle A is fixed while angle B can 
be varied; and 

FIG. 3 depicts an alternative embodiment of an optical splitter in 
^ accordance with the principles of the present invention, in which the downstream 
branches may be located in any reference plane and in which the geometry of the 
splitter may be dynamically adjusted so as to divide light entering the upstream 
stem between the plurality of downstream branches in accordance with the 
principles of the present invention. 
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DETAILED DESCRIPTION 

In accordance with the present invention, the angle made between two or 
more downstream branches of an optical splitter with respect to an upstream stem 
is adjusted in such a way so as to control the flux emitted from each of the 
downstream branches. The present invention also includes a system for adjusting 
the flux emitted including a splitter, having a flexible junction, mounted to a 
splitter box, which controls the alignment of the splitter so as to obtain the 
desired flux division among the downstream branches. 

As noted above, in accordance with the present invention, the angle made 
between a downstream branch with an upstream stem of an optical fiber splitter is 
adjusted in such a way so as to adjust the proportion of flux from the upstream 
stem that is emitted into the downstream branch. The method of controlling flux 
emitted from downstream branches of the present invention is particularly useful 
in situations where light from a single source must be split, in varying amounts, 
between multiple terminal illumination devices or, between multiple terminal 
locations. An example of such a situation is in the illumination of "channel 
letters/ 1 where the surface area of each letter to be illuminated determines the flux 
required from the light source for that particular letter. Another example of the 
practical use of the method/system according to the present invention is that of 
"overhead lighting" or "task lighting" illumination situations that require 
illumination with differing flux amounts at several points from a single light 
source. 

The stem and branches of an optical splitter in accordance with the present 
invention may be any light guide, including a light fiber. Generally, a 
conventional optical fiber for an "illumination device" has a core fiber with a 
particular cross-sectional geometry (i.e., circular, elliptical, etc.) and a cladding 
around the core. The refractive index of the core is greater than the refractive 
index of the cladding so that the light traveling along or within the light guide is 
reflected at the surfaces of the light guide with minimal losses in accordance with 
the principles of total internal reflection. The cladding may be further surrounded 
bv a protective laver of m.iteria! or, in its ^impleM for:::. ;r,av even !v ambient 
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air. In a preferred embodiment, a low-index cladding, for example, a dip-coated 
fluoropolymer, can be used. 

In use, a beam of electromagnetic energy, such as visible light, introduced 
into.the core at one end of the fiber is directed to strike the core/cladding interface 
5 at an angle greater than the critical angle and so will be totally internally reflected. 
As a result, the light will be transmitted to the other end of the fiber without 
significant losses. 

A prefabricated optical light fiber splitter (e.g., a "Y-shaped splitter") may 
be formed from any well-known means, including but not limited to, the means 

K) set out m detail below. A molded optical light fiber splitter constructed in 

accordance with the requirements of the present invention may be formed, for 
example, in a molding process using, for example, a conventional two piece mold 
adapted for injection molding or other common molding procedures. 

Regardless of the type of mold that is employed, the curable material that 

15 forms the finished article may be any material that cures into a substantially 

optically transparent material, which can be introduced into the mold and cured at 
temperatures and/or pressure conditions that do not adversely affect the mold. 
The curable material may be curable by heat, radiation, or other known processes. 
Suitable curable materials include a polymenzable compound or mixture. 

2() Acrylates are a class of curable materials that are preferable for their transparencv 
properties. Urethanes are also a desirable class of curable materials because a 
more flexible finished article is obtained, and also, the contraction during curing 
tends to be minimal, although only certain formulations have desirable 
transparency properties. Silicones constitute a third desirable class of curable 

25 materials because of their transparency, flexibility, and heat resistance. 

FIG.l depicts a perspective view of a symmetrical optical splitter having 
an upstream stem and two downstream branches. A splitter device, such as a Y 
splitter, enables the flux emitted from a single light source to be divided among 
two or more paths to provide light to multiple dev ices and/or locations 

M) An optical splitter designed in accordance with the features of the present 

invention comprises splitter 10. inchr.lmi' Men !0a r::id branches 1 OS \ • K < 



WO 00/34813 



PCT/US99/06239 



shown in FIG.l. Light from a light source is injected into input end 10, of stem 
10a, and is transported along the stem in accordance with the principles of total 
internal reflection, through branches 10b and 10c, to the respective output ends, 
10b o and 10c 0 , where the light is emitted. 
5 In a conventional uniform (i.e., having branches with the same size and 

shape) and symmetrical (i.e., "unfixed/ 1 or having branches which are arranged 
to have a same angle with respect to the base) "Y" shaped splitter device, the light 
is evenly divided from the input stem among the downstream branches. The 
splitter illustrated in FIG.l allows the method described herein of "flexing" the 

10 spinier at the junction where the downstream branches meet the upstream stem to 
variably control the flux distributed to the branches. The separation angle 
between the two downstream branches preferably remains fixed. 

FIGs 2a-c illustrate a splitter shown "flexed" to divide the light emitted in 
various proportions, in accordance with the principles of the present invention. In 

15 each of FIGs 2(a) through 2(c), angle A, the angle between the two branches, 

remains fixed, while angle B, the angle between one of the branches and the stem, 
as illustrated, can be varied. 

FIG. 2a illustrates a "flexed" splitter dividing the light emitted SOvi from 
one branch and 20% from the other, whereas FIG. 2b illustrates a "Hexed" splitter 

20 dividing the light emitted 60% from one branch and 40% from the other. Finally, 
FIG. 2c illustrates a splitter shown "flexed" to divide the light emitted 50% from 
one branch and 50% from the other. In these figures, the alignment of the stem 
with the branches of the Y splitter is varied, while a fixed angle is maintained 
between the two branches. Although the splitter illustrated in FIG. 2 has 

25 downstream branches that are uniform and equal in cross-sectional area, it will be 
appreciated by those skilled in the art that the downstream branches could also be 
unequal and/or non-uniform in cross- sectional area. 

FIG. 3 is an alternative embodiment of a splitter in accordance with the 
principles of the present invention. Specifically, FIG. 3 shows multiple 

M) downstream branches of an optical splitter, in which at least one of the 

downstream branches f^ec branch U K1^ mav lie in a d;ffc:v::T : ; :Vic:.-.c p!.::;e i':^;:. 
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a plane defined by at least two other branches. Again, the angle of the upstream 
stem with the downstream branches may be dynamically adjusted so as to divide 
the light emitted from the downstream branches in accordance with the principles 
of the present invention, 

Table 1 shows experimental data obtained in accordance with the present 
invention. In Table 1 , flux (or optical power) measurements (in percentages) are 
shown for angles, between a first branch of a Y shaped splitter and the stem, of 
180 degrees, 177 degrees, 176 degrees and 173 degrees (e.g., angle B in Fig. 2). 
In addition, the color from the first branch and the color from the second branch 
were rneaNUied for the angles as stated. A Minolta CS-100 tnstimulus colorimeter 
(Minolta Corp., Ramsey, NJ) was used to measure the color of the light emitted 
from each branch, as it was reflected from a Spectralon spectrally flat diffuse 
reflective surface target (Labsphere, Inc., North Sutton, NH). The first and 
second branch separation angle (e.g., angle A in Fig. 2) remained constant 
throughout the experiment at fourteen degrees. 
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Table 1 



Angle 
between first 
branch and 
stem 


Flux in 

First 
Branch 


Flux in 
Second 
Branch 


Color from 
First Branch 

x y 


Color from 
Second 
Branch 

x y 


173 degrees 


49 c 'c 


5 P i: 


.377 


.406 


.376 


.405 


174 degrees 


57 f ; 


43 c i 










176 degrees 


6V'c 


37 a 


.376 


.402 


.377 


.403 


177 fl*or^< 


A 1 1 : 


*) t 1 ! 

->U ' ( 


1 1 









180 degrees 


68<<c 


32S 


.376 


.405 


.378 


.403 



In Table 1, measurements for a symmetrical Y having branches with equal 
cross-sectional areas, which, in an unflexed configuration, splits the light emitted 
evenly between two downstream branches, were recorded. The core of the Y for 
the experiment was 1 .3 cm (0.5") in diameter and there was no cladding (i.e., the 
fiber employed an "air" cladding). The branches and stem were each 7.6 cm (3") 
long. 

To prepare the Y splitter, a two-part brass mold was prepared by 
machining two identical halves of the mold from a brass block to the dimensions 
noted for the Y splitter, then polishing the molding surfaces to optical tolerances. 
The two parts of the mold were clamped together, and a curable polyurethane 
precursor mixture was poured in and allowed to cure. The curable polyurethane 
precursor mixture comprised 19.65 g bis(4-isocyanatocyclohcx\i micthanc (for 
example, those available under the trade designation Desmodur \Y, Bayer Corp., 
Pittsburgh, FA ), 19.8 g isocyanurate- containing polyisocyanate (for example, 
Desmodur N-3300. Bayer Corp.), 40 g polyester diol (for example, CAP A 200 
polyol. Solvay Interox, Houston, TX), 10 g polyester triol (for example, CAPA 
301, Solvay Interox). The mixture was stirred at 23 °C under pump vacuum for 
30 minutes, after which 0.67 g dibutyltin dimercaptide polymerization catalv>t 
(tor example, Foamrez CL-1, Waco Corp.. Greenwich. CT) was added Vacuum 
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was reestablished and the mixture was stirred for an additional minute, then 
allowed to equilibrate for one minute to remove entrained gasses, then vacuum 
was released. The mixture was poured into the closed two-piece brass mold and 
allowed to cure at 23 °C for one hour. If necessary, the cured device could be 
5 further post-cured by heating at 100 °C for one hour, outside of the mold. Optical 
properties of the device were then determined. 

A Labsphere FIMS-P400, photopically filtered, hand-held 10.2 cm (4") 
integrating sphere (Labsphere, Inc., North Sutton, NH) was used to measure the 
flux emitted from each branch, and a Quiet Lightning QL-60Y (Lumenyte 

iO International Corp., Costa Mesa, CA) light source was used to inject light directly 
from a harness into the flexible Y splitter. Finally, the flux distribution 
calculation is based on the total flux exiting the Y, i.e., the sum of the two 
branches, and not based on the total flux entering the stem. 

As the measured data in Table 1 illustrates, at a 173 degree angle, i.e., 

15 when the symmetrical Y splitter is in a normal or "unflexed" configuration, the 
flux is approximately symmetrical with respect to both flux and color of light 
emitted. When the joint between one of the branches, the "first branch," and the 
stem was flexed, increasing the angle of that branch with respect to the upstream 
stem to a 180-degree angle, i.e., when the first branch was essentially "straight" 

:o with respect to the Y stem, the flux in the first branch increased to 689c. while the 
flux in the second branch decreased to 32%. However, the color from the first 
branch and the second branch remained uniform (i.e., any difference was not 
discernible to an observer). It should also be noted that intermediate points 
between the "unflexed" 173-degrce configuration and the "flexed" 180-degree 

25 configuration were also measured, illustrating the transition from equal flux to the 
6S9?/329r distribution. At each of the intermediate points, the color integrity 
between the two brandies again remained uniform, i.e.. not discernible to an 
observer (in this experiment, the color remained the same within experimental 
error). 
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The method and system described in detail herein was therefore validated, 
and the method and system for adjusting flux emitted from multiple downstream 
branches while maintaining color integrity was shown to be satisfactory. 

Of course, if a symmetrical uniform splitter with a greater number of 
branches was used, for example, the splitter as illustrated in FIG. 3, again the 
input light could be evenly distributed among the downstream branches, provided 
the splitter was unllexed and the downstream branches symmetrically arranged. 
If a non-uniform distribution of light was desired for a specific application, a 
splitter having uniform branches could be used in accordance with the 
method/system of the piesem invention. In this case, the angles that each of the 
downstream branches form with the stem determine the amount of flux emitted 
from each downstream branch. 

It should be noted that while a flux distribution of up to 80% in one 
branch and 20 c r in the other is illustrated in FIG. 2a for a "uniform" splitter, a 
"non-uniform" splitter, i.e., a splitter with multiple branches, in which at least 
two of the branches have different cross-sectional areas, may provide alternate 
means of distributing flux between the branches, and may provide an even greater 
distribution of flux between the branches. 

Although various embodiments are specifically illustrated and described 
herein, it will be appreciated that modifications and variations of the present 
invention are covered by the above teachings and within the purview of the 
appended claims without departing from the spirit and intended scope of the 
invention. For example but without limitation, as previously mentioned, the 
optical splitter might have any number of downstream branches, located in any 
plane. 

In addition, the present invention is equally applicable to splitters having 
any cross -sectional shape. For example, it may be advantageous if the cross- 
sectional shape of the splitter is a truncated circle having a planar surface, a 
configuration that resembles the letter "D". a "triangular" shaped surface, or 
square or rectangular shapes. In addition, the present invention is also applicable 
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to splitters having more than one "input" or stem which receives the input light 
and which works on the same principle described in detail above. 
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What is claimed is: 

1 . A method of controlling an amount of light emitted from each of a 
plurality of branches of an optical splitter comprising the steps of: 

- providing an optical splitter including a stem and at least two branches 
5 integrally connected to the stem, wherein a junction between the stem and the at 
least two branches is flexible; and 

controlling the amount of light emitted from each of the at least two 
branches by adjusting an angle between the stem of the optical splitter and the at 
least two branches. 

10 

2. The method according to claim 1, further comprising the step of 
maintaining a fixed angle between each of the at least two branches. 

3. The method according to claim 1, wherein the stem and the at least two 
i s branches of the optical splitter include light guides. 

4. The method according to claim 3, wherein the light guides include 
light fibers. 

2i) ?• The method according to claim 1 , wherein the optical splitter includes 

a Y-shape. having a stem and two branches. 

6. I he method according to claim 5. wherein an angle oWrnc of the two 
branches with the stem of the optical splitter is between approximately 90 and 

2< 180 degrees. 

7. J he method according to claim 5. wherein the two branches are 
symmetrical and form a fixed angle between approximately 1 and 90 degrees. 
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8. The method according to claim 1, wherein the optical splitter includes 
a substantially optically transparent material. 

- 9. The method according to claim 1, wherein the optical splitter 
comprises a material selected from the group consisting of urethane, silicon and 
acrylate materials. 

10. The method according to claim 1, wherein the optical splitter 
comprises a urethane. 

1 1 . The method according to claim 1, wherein the optical splitter includes 
a low-index cladding. 

12. A system tor controlling the amount of light emitted from a plurality 
of downstream branches, the system comprising: 

an optical splitter mounted on a splitter adjustment device, said splitter having an 
upstream stem and at least two downstream branches, wherein each of the 
upstream stem and downstream branches are formed from light guides, and 
iurther w herein a junction between the upstream stem and at the at least two 
downstream branches is flexible, wherein an amount of light emitted from each of 
the at least two downstream branches of said optical splitter is adjusted by using 
the splitter adjustment device to adjust the angle between the upstream stem and 
the at least two downstream branches of the optical splitter. 
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